The great smog disasters of the past have made clear that air pollution can kill people in a matter of days: extremely high concentrations of air pollution building up under conditions of low wind speed and stable atmospheric conditions have been associated with excess deaths in the Meuse Valley, Belgium (1930); Donora, PA, United States (1948); and London, United Kingdom (1952) . In the developed market economies, great efforts have since been made to curtail air pollution related to the use of fossil fuels such as coal and oil, and exposures to substances such as SO2 and soot have been dramatically reduced. For a while it was thought that ambient concentrations of air pollution had become so low as to have no discernible influence on mortality or morbidity in the population any more. However, a series of recent studies have shown that even at low concentrations of substances-such as ozone and fine particulate matter in air-day to day variations in mortality, respiratory and cardiovascular hospital admissions, symptom exacerbations among asthmatic patients, lung function in schoolchildren, etc are still associated with day to day changes in concentrations of air pollution.' Although such findings are important in their own right, they do not directly prove that long term exposure to air pollution at present levels in the developed market economies increases the prevalence of (chronic) diseases in the population, possibly leading to decreased survival and hence, reduced life expectancy: the associations found between day to day variations in mortality and air pollution may, for example, represent a "harvesting" effect-that is, an advancement of death by a few days or It is well known that in very old age, competing risks reduce the risk ratios for even strong determinants of mortality such as smoking8 so that it is not appropriate to estimate effects of particles for subjects in age ranges not actually studied.
The estimation of long term effects of air pollution on mortality in Dutch men has, for the purpose of this paper, been simplified so that it can easily be reproduced by hand:
(1) The study published by Dockery et al (1993)4 investigated a random cohort of 25-75 year old subjects who were followed up for about 15 years. It is assumed that for a calculation of effects of fine particles on life expectancy, a restriction to 25-75 year olds at the start, and to the expected mortality experience of 25-75 year olds over a 15 year period is needed.
(2) To estimate the mortality experience of 25-75 year olds over a 15 year period in The Netherlands, the Central Bureau of Statistics (CBS) 1992 life table for men in The Netherlands has been used. To simplify the calculations somewhat, only the data from the midpoints of the 10 successive five-year categories that make up the 25-75 year old age range (27.5 years, 32.5 years, 72.5 years) have been used. The expected number of deaths for each of these 10 age categories was calculated over a 15 year period by substraction of the number alive at age n+15 from the number alive at age n.
Air pollution and life expectancy: is there a relation? (3) It has been assumed that if the air contained a significantly lower concentration of fine particles, the mortality would be decreased by a factor of 1.10. The expected number of deaths for each age category over a period of 15 years now decreases by a factor of 1.10. This affects the number of survivors in the "clean air" category, and for simplification it has been assumed that the effect of fine particles only starts to become manifest after 15 years in subjects who were in the first five-year category initially, so that the number of survivors increases starting at age category 40-45. This point was taken into account when estimating the expected number of deaths in the clean air category.
(4) To calculate average life expectancy between 25 and 90, the total number of years lived between 25 and 90 was calculated by multiplying the number of survivors in each of the five-year intervals (represented by the number of survivors at ages 27.5... 87.5 years) by 5 . The result is the total number of years lived between ages 25 and 90 for men in The Netherlands. Life expectancy at age 25 is defined as the total number of years lived divided by the total number of subjects alive at age 25 (for men, 98 359 out of each 100 000).
(5) By performing this calculation for Dutch men on the basis of the 1992 CBS life table, and for the hypothetical Dutch male population exposed to a lower concentration of fine particles, the effect of fine particles on life expectancy has been estimated. (6) There is a difference of 1.11 years in life expectancy between the exposed and the clean air groups.
(7) To show how sensitive this result is to a slight extrapolation beyond the age range that was actually studied in the cohort studies, table 2 extends the calculations for another two fiveyear age groups. The result is a difference in life expectancy of 1.51 years, a 36% larger estimate than the previous one. (The calculated life expectancy of 50.39 years over the 25-100 year age span is close to the actual total life expectancy of 50.49 years given in the CBS life table for a 25 year old Dutch man, showing that the simplifications in the calculation do not lead to notable deviation from this number.) Discussion The calculations performed in this paper suggest that the effect of long term exposure to relatively low concentrations of fine particulate matter in air may lead to a reduction of life expectancy of more than one year. Several reservations need to be taken into account when interpreting these results.
(1) The calculations are based on the results of two prospective cohort studies. This data base is small and it is quite conceivable that the RR estimates will need to be revised when more information becomes available.
(2) As in all epidemiological studies, questions remain about the two studies cited with respect to the extent to which all possible confounders were adequately taken into account. It is not the purpose of this paper to review the findings as such; this has been done already several times-for instance, extensively in the recent EPA criteria document on particulate matter.9 This document generally accepts the findings of these two studies, although it refrains from making a quantitative estimate of the potential effect of long term exposure to particles on shortening life. Yet, it acknowledges that "life shortening could conceivably be on the order of years" (pp 13-45 12 This discussion is usually phrased in terms of eliminating certain (chronic) diseases as cause of death, however, and the RRs used in this paper are from cohort studies in which, besides uncontrolled confounding, all competing causes of death must be assumed to have been operating concurrently with exposure to air pollution. Hence, comparing the most and least exposed populations in these studies is equivalent to estimating what the effect of a reduction of air pollution from the most to the least exposure level would be on life expectancy.
(5) The subjects in the cohort studies have been exposed to air pollution all their lives, and generally, there is no adequate quantitative information available on historical exposures. In the study of Dockery et al, concentrations of fine particulate matter were shown not to change much during the 1980s, but it is not known how high exposures may have been in earlier years. If the contrast in pollution-years was actually larger in these studies than the measurement data from the 1980s suggest, the RRs expressed per unit exposure to air pollution may be overestimating the true risks, assuming that the mortality experience during the follow up period has some causal relation with exposure earlier in life.
In conclusion, effects of relatively small differences in long term exposure to airborne particulate matter on life expectancy could be substantial. This paper is largely based on a chapter about airborne particulate matter which was written as a basis for revision of the current World Health Organisation Air Quality Guidelines for Europe.
